In event-related potentials (ERPs) studies, recognition memory is associated with two positivities: one over parietal regions, and one over frontal regions. With nameable neutral stimuli, such as words or common objects, the parietal effect is usually left lateralized, and the frontal effect is usually right lateralized. We investigated the lateralization of these effects for nonnameable emotional stimuli: unfamiliar faces with happy and neutral expressions. The parietal effect was bilateral, suggesting that the left lateralization of this effect in studies using nameable stimuli re¯ected verbal processing. The frontal effect was left lateralized for happy faces, but right lateralized for neutral faces. This ®nding is consistent with the valence hypothesis, which posits that processing of pleasant emotions is lateralized to the left hemisphere. 
INTRODUCTION
Event-related potential (ERP) studies have associated the recovery of information from personally experienced past events, or episodic retrieval, with two ERP effects: a parietal effect and a frontal effect. These effects have been repeatedly found using emotionally neutral words [1] , emotionally neutral pictures of objects [2] and, more recently, with emotionally negative words [3] . In the present study, we investigated the lateralization of these effects during the recognition of happy and neutral faces.
The parietal effect refers to the ®nding that compared with ERPs for correctly rejected new words, ERPs for correctly recognized old words are more positive over parietal scalp regions [1] . This effect has been attributed to hippocampal±cortical interactions during episodic recovery. The parietal effect is usually left lateralized, which has been attributed to the verbal nature of the materials employed in most studies [1, 3] . However, the parietal effect was also left lateralized in a study using pictures of common objects [2] . One possible explanation is that common objects have names, and hence, they involve some degree of verbal processing. To investigate the parietal effect for nonnameable stimuli, we measured ERPs during the recognition of unfamiliar faces. Since perception and memory of faces are associated with bilateral brain activity in functional neuroimaging studies [4] we predicted that the parietal effect for faces would be bilateral rather than left lateralized.
The frontal effect refers to the ®nding that compared with ERPs for correctly rejected new words, ERPs for correctly recognized old words are more positive over frontal scalp regions [1] . In contrast with the parietal effect, the frontal effect is usually larger on the right hemisphere. This ®nding is consistent with functional neuroimaging evidence that frontal activity during episodic retrieval tends to be right lateralized [5] .
It is also possible that the lateralization of the frontal effect depends on emotional nature of the stimuli. For example, the valence hypothesis states that processing of pleasant stimuli is left lateralized whereas processing of unpleasant stimuli is right lateralized [6] particularly in prefrontal regions.7 This hypothesis has received considerable empirical support [7±10], but a study using ERPs and face stimuli yielded con¯icting results [11] . Moreover, it is unknown if the valence hypothesis applies to memory as well as to perception. To investigate whether the emotional nature of stimuli can modulate the frontal effect, we compared the frontal effect during the recognition of happy and neutral faces. According to the valence hypothesis, happy faces may show a left lateralized frontal effect.
MATERIALS AND METHODS
Nineteen undergraduate students (nine male, 10 female) participated in the study for course credit. All subjects were right-handed and had normal or corrected-to-normal vision.
The stimuli consisted of 240 black-and-white photos of unfamiliar male and female faces (120 happy, 120 neutral), taken from the Purdue University, the University of Stirling, and the University of Northern British Columbia face databases. Stimulus size was 3.5 3 2.7 inches. The stimuli were coded using the Facial Action Coding System [12] to ensure that neutral faces did not show any extra-neous muscle displacement and that happy faces ful®lled objective criteria for the existence of a smile [13] .
In each of four blocks, subjects studied 15 happy and 15 neutral faces in random order, they then performed a recognition test that included 30 studied faces (15 happy, 15 neutral) and 30 new faces (15 happy, 15 neutral). The assignment of faces to the four blocks and to the old and new conditions was counterbalanced across subjects. Study and test trials consisted of ®ve events: a ®xation for 500 sms, a photo of a face for 400 ms, a ®xation for 1600 ms, a response selection screen until a response was made, and a blank screen for 1000 ms. The ®xation was a 3.5 3 2.7 inches gray rectangle. The response selection screen prompted subjects to make a happy/neutral decision at study or an old/new decision at test. Subjects made their responses by pressing keys with different hands. Hand use was counterbalanced across subjects. At study, subjects were asked to try to remember the faces for a subsequent memory test.
EEG was collected from 32 silver/silver chloride electrodes embedded in a Quikcap (Neurosoft Inc., Sterling, Virginia) electrode cap. Recording locations were based on a variation of the 10/20 international electrode placement system [14] . Sites included frontopolar (FPI, FP2), frontal (F7, F3, FZ, F4, F8), frontocentral (FC3, FZ, FC4), central (C3, CZ, C4), centroparietal (CP3, CPZ, CP4), parietal (P3, PZ, P4), frontotemporal (FT7, FT8), temporal (T7, T8), temporoparietal (TP7, TP8), and occipital (O1, OZ, O2) electrodes. Linked mastoids served as a reference. Horizontal eye movements were monitored with bipolar electrodes on the outer canthus of each eye, and vertical movements were monitored from electrodes placed above and below the left eye. EEG and EOG were recorded with a sampling rate of 500 samples/s for an epoch of 1700 ms starting 100 ms prior to the onset of a face. Electrode channels were ampli®ed with a ®lter bandwidth of 0.03±50 Hz. Trials with values above 100 ìV or below À100 ìV, possibly due to blinks or eye movement artifacts, were excluded from the analyses. To ensure an adequate signal to noise ratio in the ERPs, all subjects had more than 16 artifact-free trials per item category.
RESULTS
At study, the proportion of faces classi®ed correctly, according to the classi®cation determined by objective criteria, was similar (F(1,18) 1.8, p . 0.05) for neutral (0.92) and happy (0.95) faces. At test, the proportion of hits and false alarms was also similar (F , 1) for neutral (0.72 vs 0.27) and happy (0.74 vs 0.28) faces.
Correctly recognized test faces were averaged according to four categories: old neutral faces (neutral hits); new neutral faces (neutral CRs); old happy faces (happy hits); (4) new happy faces (happy CRs). The ERP results for electrodes of interest (parietal and frontal) are shown in Fig. 1 . The parietal effect is usually maximal around 400± 600 ms whereas the frontal effect is usually maximal around 800±1200 ms. To investigate both effects using contiguous epochs, we used an early epoch from 375 ms to 750 ms and a late epoch from 750 ms to 1250 ms. Repeated measures ANOVAs on average voltage values were performed separately for parietal and frontal electrodes during both the early and late epochs. Each of the four ANOVAs included three within-subject factors: memory type (hits vs CRs), emotion (happy vs neutral), and laterality (right vs left). The statistical measures reported correspond to raw ERP data, but all analyses were con®rmed using normalized data [15] .
We had hypothesized that the parietal effect during the recognition of unfamiliar faces would be bilateral. The results of the ANOVA on the early epoch at parietal sites indicated that the parietal effect was signi®cant (main effect of memory: F(1,18) 26.5, p , 0.0001) and bilateral (laterality 3 memory interaction: F(1,18) , 1, p . 0.05). These results are illustrated in Fig. 2 . In addition, it indicated that ERPs for happy faces were more positive on the left than on the right hemisphere (emotion 3 laterality interaction: (F(1,18) 5.0, p , 0.04) and that this effect did not interact with memory (memory 3 emotion 3 laterality interaction: F(1,18) 1.0, p . 0.05). At frontal sites, there was also a signi®cant main effect of memory type during We had also hypothesized that the lateralization of the frontal effect would be affected by emotion, in agreement with the valence hypothesis. The results of the ANOVA on the late epoch at frontal sites indicated that the frontal effect was signi®cant (main effect of memory: F(1,18) 6.1, p , 0.03). In addition it demonstrated that the lateralization of the frontal memory effect was affected by emotion (memory 3 emotion 3 laterality interaction (F(1,18) 5.3, p , 0.04). As illustrated in Fig. 3 , this interaction occurred because the frontal effect (hits minus CRs) was larger on the left hemisphere for happy faces and larger on the right hemisphere for neutral faces. At parietal sites during the late epoch there was also a signi®cant main effect of memory type (F(1,18) 7.7, p , 0.02) . No other effects approached signi®cance (all other F , 2, p . 0.05).
DISCUSSION
The results con®rmed our prediction that the parietal effect during the recognition of unfamiliar faces would be bilateral. They also con®rmed our prediction that the lateralization of the frontal effect would be modulated by emotion in accordance with the valence hypothesis.
The bilateral parietal effect observed in this study could indicate that the left-lateralization of the parietal effect in previous ERP studies re¯ected the verbal nature of stimuli employed, i.e. words [1, 3] and nameable objects [2] . If the ERP re¯ects cortico-hippocampal interactions [1] then a bilateral parietal effect could re¯ect bilateral hippocampal involvement. This idea is consistent with functional neuroimaging evidence of bilateral hippocampal activity during face processing [4] . The parietal effect was not modulated by emotion. There was a signi®cant emotion by laterality interaction during the same epoch; in accordance with the valence hypothesis, happy faces evoked larger positivities over the left hemisphere while neutral faces evoked bilateral positivities. However, the absence of a signi®cant interaction between memory type, emotion, and laterality suggests that this effect was not sensitive to memory and may be perceptual.
The frontal effect was larger on the left hemisphere for happy faces but on the right hemisphere for neutral faces. The discovery of a left-lateralized memory effect for happy faces is congruent with the valence hypothesis. The ®nding of a right-lateralized memory effect for neutral faces is dif®cult to interpret. This result could signify that, like negative stimuli, the processing of neutral stimuli may also be lateralized to the right hemisphere. Alternatively, it may re¯ect the right-lateralization of prefrontal activity during episodic retrieval typically found in functional neuroimaging studies [5] .
The present ®ndings are the ®rst to demonstrate that ERPs of face recognition can be modulated by facial expression in a manner that is predicted by the valence hypothesis of emotion processing. Whereas memory effects for happy faces were left lateralized over frontal areas, memory effects for neutral faces were right lateralized. Furthermore, this effect was dissociable from the parietal old/new effect in terms of both latency and topography. Whereas the parietal effect was not sensitive to emotion, the frontal effect was, possibly indicating that general recognition and emotion-speci®c recognition are dissociable neural processes. The fact that the emotion-sensitive memory effect over frontal regions occurred later than effect over parietal regions could signify that emotionsensitive memory processes are engaged later than general recognition processes. The functional signi®cance of these effects, including their cerebral generators, remains unclear. Nevertheless, the present results strongly suggest that facial emotion can modulate brain activity associated with face recognition.
